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ABSTRACT 

The nerd fur educating engineers in the United States continues at the projected demand is rising 
the number if high school seniors planning to enter engineering carters has remained relatively 
stable ISargent , 2014). Additionally, figures shun that attrition rates in undergraduate 
engineering continue to Ik- an area of concern, fSargent. 2014: Gibbons. 2005. NSF. 2004). Given 
the projected increased demand fur engineers, the engineering education community must explore 
a variety of pathways for engineering students to be successful 

Organizations such as National Science Foundation lLaanan. Jackson, burrow. 20101 hate noted 
that beginning engineering study at a two-year campus and then transferring to an engineering 
bachelor's degree-granting institution is an important path and source for additional engineering 
students. Although some hate explored the logistical issues and curricular design components of 
two-year campuses that enables engineering students to complete their bachelor degrees 
elsewhere, there is very little that e xplores the non-curricular factors on these campus es that help 
such students successfully progress (l.aanan. el al. 2010). Using Tinto's theory of integration 
(1975. 1993). this study examines the relationship between student entry characteristics and 
measures of social and academic integration to engineering learning outcomes. Understanding 
how Integration factors on two-year campuses impact engineering student success can be used to 
inform the design of curricular and campus-based experiences. Results indicate social and 
academic integration factors significantly predict engineering students' learning outcomes, 
especially their commitment to engineering studies. 
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INTRODUCTION 


fy' n 2008. the U.S. Bureau of Labor estimated that for the next decade the number of engineering jobs will 
'/ ’ glow about 1 1% (Bureau of Labor Statistics. 2010). However, a recent study found that the number of 
' high school seniors planning to enter engineering careers Iras not increased to meet this projected 

demand, but rather lemamed relatively stable (College Board. 21)11*)). Additionally, data (Board, 2(106. Gibbous. 
2005: NSF. 2004) show that attrition rates in undergraduate cnginccnng continue to be an area of concern. Given the 
projected increased demand for engineers, tire engineering education community must explore a variety of pathw ays 
fin engmeeiing students to be successful. 


Beginning cnginccnng study at a two-year campus and then transferring to an engineering bachelor's 
degree-granting institution is one such path, and lias been identified as an important one by funding organizations 
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such as lhe National Science Foundation (Laanan. Jackson. Darrow, 2010). Although a number of practitioner* have 
ctplnted tlie logistical issues and curricular design components of a curriculum at two-year campuses that enables 
engineering students to complete their bachelor degrees elsewhere (e g. Kizait, 2011: Ptospero. Vohm-Gupta, 2007). 
there is very little tint explores the non-curriculai factors on tliese campuses that help such students successfully 
progress in their engineering studies (Laanan. et al.. 2010). Using Tinto’s theory of integration (1975, 1993) as a 
framework, this study examines the relationship between student entry characteristics and measures of social and 
academic integration to engineering learning outcomes. Understanding how integration factors on two-year 
campuses impact engineering student sueeess can be used to inform tlie design of curricular and campus-based 
experiences that support the sueeess of engineering students on two-year campuses. 

background Literature and Study Rationale 

To prov ide a foundation for this work, our literature and rationale address: the tole and challenges of tw o- 
year campuses in educating engineering students, how the concept of integration captures sonic of the fundamental 
and unique characteristics of attending college at two-year campus, and Tinto's theory of integration as applied in 
two-year and commuter college environments and how that theory may be applied to students studying engineering 
at two-year campuses. 

Two Year Colleges and Engineering Students 

Two-year institutions aie an important starting location for engineering students and serve as an alternative 
entry point for individuals who want to study engineering. Forty-two percent of the 19 million undeigraduutes 
enrolled in Title IV institutions in Fall 2010 were enrolled in 2-year institutions (Knapp. Keyyl-Reid, & Cinder. 
2012). Moreover, from 2001 to 2007, about 38 percent of engineering graduates (i.e., bachelor's and masters' degree 
recipients) had attended a community college at some point in their studies. (Mooney & Foley. 2011). 

In 2003. 894 community colleges olVered an eugmeeting dcgicc (AACC, 2010). Because of the open 
access to these 2 -year institutions, students chousing this education path to an engineering degree are very diverse m 
term of their entry characteristics, demographies, and educational goals. Fot example, a study on community college 
students found that high school seniors who enrolled immediately in community colleges seemed to have a wide 
lange of academic achievement (i.e., test scores, and course taking), including students who wete well-prepared for 
college (NCES, 2008). The same study also showed that of students who originally had intended to puisue an 
associate's degiee. almost 47% of them raised their educational goal to puisue a bachelor’s degree. 

The two-year institutions studied fall into the revised Carnegie classification system's definition of an 
Associates Dominant'’ type institution (Carnegie Foundation, 2010) that includes community colleges Although 
these institutions may grant some fout-year degrees, the predominant degrees granted ate at the associate’s level. 
Two-year institutions are an important venue for individuals seeking postsecondary education and. in spite of their 
variability, provide similar functionality fot students studying engineering: smaller class sizes (Schuyler. 1999). 
greater teacher-student interaction and teaching focus. 

Community colleges ate also known for their cuinculai responsiveness to students' changing career and 
educational aspirations. This epitomizes a strength of community colleges and theu defining goal to prepare 
students for transferring to fout-year institutions, prepare them fot employment, and address skills not mastered in 
high schools (Schuyler. 1999). Mattis and Sislin (2005) describe several tea so ns why community colleges in 
pamcular are v aluable sources of engineers. First, community colleges enroll laige numbers of students, and further 
then enrollments include high percentages of w omen and students from underrepresented minority groups 

NSF's 2001 National Surt it of Recent College Graduates data suppoits this as well: 46% of females 
graduating with a science or engineering degree had attended a community college | in contrast to 41% of males) and 
that number uses to 62% for women with school aged children (Tsapogas. 2l)U4| Further, associates degrees in 
science and engineering earned by underrepresented minorities have also increased from 1995 to 2005 with marked 
increases for both African American and Hispanic students (Hoffman, Starobin. Laanan. & Rivera. 2010). Haidy & 
Kat»i»a» (2010) examined tlus pathway for women students studying STEM and found that for reasons they 
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cannot explain ttrrul 2-year institutions aie mine successful in increasing the number of STEM-related associates 
degrees awarded to women over the past two decades titan other ty pes of 2-year institutions We consider this 
important point given the low numbers of women and undeirepteseined minorities in engineering. Lastly. Mams 
and Sislin (2005) point out that while many community college students in engineering, do not transfer to a four-year 
institution to finish their degiees. they go on to complete an associate’s degree of science or engineering science 
and dial those who do are just as likely to complete a bachelor’s degree in engineering as students who attend only a 
foui-yeur institution. Thus, thete is a pool of qualified students attending two-year institutions that can finish an 
engineering degtee. 

T>\o-Yeur Colleges aiul Integration 

Although two-year institutions aie an unpoitant resource for educating engineering students, their unique 
characteristics present both opportunities and challenges to these students. On the plus side, two-year institutions 
typically have smaller campuses and a lower student-tn-faculty ratio (Schuyler. 1999), providing these students with 
greater potential access to faculty and more opportunities to form closer student-student and faculty-student 
relationships. Further, recent data from the National Centei for Education Statistics (NCES) indicate dial about 90% 
of community colleges faculty repotted their main responsibility as teaching (Provasnik & Planty. 2008); no faculty 
reported having research as a main focus. These faetots may counteract die lack of opportunities fot students to gel 
involved in academic and social activities, as compared to those available on larger. 4-year campuses 

The integration components of Tinto's intetactionist theory (1975. 1993) provides a framework for 
understanding and analyzing key aspects of two-year institutions. Tinto’s overall theory, most often applied to 
explaining student retention, describes students' transitions into higher education and ability to succeed there. Tinto 
postulates that students must initially separate from former groups with which they were associated (e.g. family, 
high school peers! and then interact with and seek membership with new groups associated with college life. He 
identifies social and academic "integration" as processes through which students can adjust to college life. Social 
integration is often indicated by the degree and natuie of sludent-to-student interactions and student-faculty 
interactions I Braxton. Htrschy & McClendon. 2004. Kuh. ct al.. 200b), as w ell as a students' ability to successfully 
interact with others. Academic integiation refers to students' abilities to succeed academically based on institutional 
norms or standards such as achieving passing grades. Tinto postulates that the more successful a student is at 
achieving academic and social integration, the greater that student's commitment to the institution and to the goal of 
graduationlBcan 1983). 

Although Tinto's model is quite populai. the empirical evidence lor it is limned (Braxton, Hiischy & 
McClendon, 2004. Kuh. el aL, 2006). Overall there is more support lor social integration as a success predictor than 
that of academic integiation (Braxton. Sullivan and Johnson. 1997. Braxton. I lirschy & McClendon. 2004). 
However, because of the academic ngoi of engineering degree programs (Marta. Rodgers. Slien & Bogue. 2012) as 
well as the inclusion of learning focused activities in Braxton et al.'s (2004) revised version of Tinto's model fot 
“commuter institutions'', we chose to examine both academic and social integration in this study. 

Braxton et. al (2004) describe commuter institutions as hav ing characteristics that align w ith the institutions 
we are studying: namely students commute to campus and thus their on-campus activities are normally limited to 
attending classes . They note that the commuter-based nature of students' academic schedules often precludes 
meaningful interactions w ith other students and faculty, leading to isolation. Thus the presence of social integiation 
and its potential impact (or the lack of it) should be examined in these settings. 

Ap/tUlug Tinto to Engineering Learning Outcomes at Tito-Year Inillluilom 

In order to achieve student retention arguably an ultimate measure of undergraduate student success 
there are other interim indicators of student success that are worth investigating. Kuh. Kinric. Buckley. Bridges and 
Hyuk ( 200 b) list academic achievement, scores nn standardized tests, post graduation activities such as admittance 
to graduate school, and students' abilities relative to specific important learning outcomes as indicators of student 
success. Similarly. Titus (2004. 2006) hypothesizes that individual characteristics such as the goals, academic 
achievement, and bchavioi of a student's peers have an influence on that student's success. 
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For this study we chose to examine these interim measures of student success. Similar to Kuh et al.'s 
(20061 statement that one indicator of student success is one's abilities on important learning outcomes (e.g. critical 
thinking, science literacy)- lot these pre-engineenng students their pteparaiion at the two-year institutions in the 
engineering skills and knowledge is of critical importance. These arc tlie outcomes we examine in this study in 
relation to academic and social integration. Lastly, examining retention fot this student population would not be 
meaningful given iliat the common fust two-year curriculum between the two-yeai institutions and the four-year 
engineer degree-granting institution results in a very high retention rate for students who begin at the two-year 
institutions in the system. 

Summary and Research Questions 

Based on the prior literature, the nature of the institutions we ate studying, and our engineering student 
population we investigate the following questions in this study: 

1. Which student entry characteristics (c.g. high school GPA) significantly piediet their engineering learning 
outcomes.' 

2. Controlling for students' entry characteristics, which academic integration variables significantly piediet 
engineering learning outcomes’ 

3. Continuing for student entry characteristics- which social integration variables significantly predict 
engineering learning outcomes.' 

Based on Tinto (1975| the entpiiical assessment of Tinto's model in two-year colleges <Braxton. Sullivan. 
& Johnson. 1997), we used the model depicted in Figure I to study factors affecting two-year campus engineering 
students’ achievement of engineering learning outcomes. Figure I also shows an overview of how we defined 
measures for each of the eonstiuets from Tinto's model. We first looked at how student entry eliaracterisucs directly 
alfcct engineering students' learning outcomes. Then, controlling for any significant student entry characteristics, 
we examined how academic integration and social integration directly affect these learning outcomes 


Figure I. Applying Thud's Inlcmctiomu Mixlcl lo Engineering Students' Learning 
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METHOD 


I'urliclpjiitv and the Campus System 

The participants were 43fc undergraduates <189 freshmen. 247 sophomores) enrolled in fust and second 
year engineering courses at 19 two-year college campuses within a large university system in the Eastern United 
States. These student participants had responded to an email request to complete an online survey concerning their 
engineering studies Data were collected during three semesters: Spring 2007. Fall 2007 and Spring 2008. As is 
typical for engineering student enrollments, the majority of participants (87%) were male <n - 379> with only 13% 
<n - 57> being female. Eighty-seven percent of the participants were White American. 6% Asian American. 2% 
African American. 1% Latino American. 1% Nativ e American, and 3% other. The sample represents 15% of the 
students taking first and second yeai engineering courses at these campuses. Studies show dial this is a typical lute 
garnered from online surveys that aie not supported by specific faculty or external incentives (Cook. Heath. 
Thompson. 2000). 

These two-year campuses do not offer a four-year engineering degice. however the single four-year 
institution in this same system docs offer the full range of engineering bachelor's degree. Nearly all students 
entering these two-year campuses to study engineering intend to transfei to the four-year institution to complete 
their engineering degrees. This setting provides a good venue for examining engineering students w ho begin at two- 
year campuses as all the campuses offei the same fust two years of course work requited of engineering bachelor's 
degice major; at the sy stem's four-year institution. The common coursework includes first-year engineering design, 
math and science pre-requisite courses and sophomore level basic engineering courses. Thus students from any 
campus in the system can make progress towards an engineering degree at rhe four-year institution with no 
institutional burners such as applications oi space limitations and all coutses credits from their initial campus 
automatically apply to the destination campus. This effectively creates a "built-in" articulation agreement between 
the campuses designed to create an easier student- transfer transition. 

Data Sources 

Data were- gathered from a student-completed survey designed to collect data on the three classes of 
variables: student entiy characteristics, and academic and social integration. The survey addressed student 
background ehaiaeteristics. perceptions of faulty und student interactions, work habits, self-reported progress made 
on engineering outcomes resulting from engineering curriculum countcwotk and commitment to completing an 
engineering degice. Analysis methods for all data are described below. 

Variables 

Student Entry Characteristics 

In addition to gender, ethnicity, and years in school, students were asked to preside data on their personal 
background, such as the highest dcgicc they expected to earn, and tlieii parents' educational level. We also used 
students' official high school GPA and official SAT scores as indicators of their pre-college ability. Taken togethei. 
these variables describe students' entry characteristics. The descriptive statistics for these variables are shown in 
Tables I and 2. 


Table I. Participants' High School GPA and SAT Scores 


Variable* 

N 

Minimum 

Maximum 

Mean 

Slil. Deviation 

IIS GPA 

359 

0 

4.33 

3-19 

0.94 

SAT 

335 

750 

1560 

1135.62 

140 65 
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Tahir 2. Frequency Disinbutum olPirri.ir-mls' Fducalmnal lApceljiumi and lt-icl|U.miil 



llichivt Degm Expected 

Multier’s Ed 

ucation Lnri 

Father'. Edu. 

raiion Loci 

High sebool 


rerun 1 

Enqninq 

170 

Percent 

39.0 

Frequency_ 

155 

35.6 

Acuviatc 


— 

62 

14.2 


56 

12.H 

HachcUir 1 * 

161 

36.9 

112 

25.7 


114 

26.1 

Mustcrt 

195 

44 7 

43 

9.9 


48 

11.0 

Doctorate 

55 

12.6 

5 

1.1 


11 

2.5 

Prufcmcinal 

21 

4 K 

392 

899 


3K4 

88.1 

Tula! 

4.12 

99.1 

18 

4.1 


24 

5.5 

Don't Know 


mm 

26 

6.0 


2N 

6.4 

System 

4 

09 

44 

10 1 


52 

11.9 

Total 

436 

100 0 

436 

100.0 


436 

1000 


Academic Integration 


Rival! ilui academic integration is defined as students' abilities in succeed academically based on 
insiilulional minus oi standards such as achieving passing grades. To assess students' academic integration, 
siudems >scie asked to indicate "houis a week they spend studying and preparing for class" on a scale from I (levs 
than one hour) to 6 (more than 20 houisl. Additionally, as suggested in tire litciature (Townsend & Wilson. 2008). 
we also used students' official cumulative GPA as an indicatot of tlieii academic integration. Tlie descriptive 
statistics lot the academic integration variables are summarized in Table 3. 


Table 3. Dcscriplive Statisliik of Participants' Academic Inlcgialion Variables 


Variable* 


N 

Minimum 

Maximum Mean 

Std. Dcrintiiin 

Hour* Studyinu 


436 

1 

6 3.51 

1.33 

Cumulative GPA 


375 

0 

4 3.14 

0.55 


N air: Ilnurs Susl> I I less than one licinl 2 I IS tours I. I«6-1U Kounl. 4 (I I-IS Hours I. ' (lli-.’li n.iunl. ur.1 f. (ircuc limn Jo li.vurs) 


Social Integration 

To assess students' social integration, students were asked to late the quality of their relationships with 
othei student* and with instructors, indicating ifothei students were friendly, suppoitive. and helped them to have a 
sense of belonging on a scale from I ( Unfriendly. unsu/ipoMve; I have sente of not belonging) to 7 ( Friendly. 
supportive. I tune a sense of belonging). In teims of instructors, students were asked Ui rale whether their instructors 
were available, helpful, and sympathetic on a scale from I ( Unustillable, unhelpful\ unsympathetic) to 7 {Available, 
helpful, sympathetic). The descriptiv e statistics for the social integration variables are summarized in Table 4 


Tahir 4, Descriptive SuiImics of Participants' Social Inlceralion Variables 


\ iriiblrs 

\ 

Minimum 

Maximum 

Mean 

Std. Deviution 

Student*Peer Relations 

425 


7 

5.72 

1.23 

Student Instructor Relations 

424 


7 

5.M 

1.07 


Engineering Students' Learning Outcomes 

Tlie dependent variables for students' engineering learning outcomes were from 20 survey items addiessing 
skills, knowledge, and affective outcomes related to taking engmcenng-relatcd courses. We conducted an 
exploratory factor analysis (EFA) with piineipal-axis factoring and an oblique rotation (promaxl. Items were 
dropped if they did not load well on a factor (< .40) or if they cross-loaded on multiple factots (difference > 15) 
(Wutlhingmn & Whittaker. 2006) Based on tlie Kaiser rule (i.e.. eigenvalue > I). variance explained, scree plot, and 
the inteipretability of the facto is. we selected a three-factor model. All three factors liad Eigenvalues over I and in 
combination explained 60.85% of tlie variance. The scree plot showed an intlexion point that would justify retaining 
three factors. Table 5 shows tlie (actor loading after rotation. We labeled factor I a> "Engineering Learning Skills", 
factor 2 as "Euginceiing General Knowledge", and factor 3 as "Commitment to Engineering". The correlation 
between engineering learning skills and engineering general know ledge w as .65. between engineering learning skills 
and commitment to engineering w as .39. and betw een factor commitment to engineering and engineering general 
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knowledge wa» .32. Because these euirelatioiu are relatively low. we can conclude that these three engineering 
learning outcomes were three conceptually distinct factors. 


[able 5. Summary of ExpUnaUnv Faclor Analysis Remits for the f.nginccnnu Students' Learning Ouleume Measuic (X - I'M 





1 actur Landing* 



Item 

Factor 1 

Factor 2 

Factor 3 

1 . 

Under viand what engineers do m industry. 

•0.05 

0.80 

0.05 

2. 

Under viand the non-technical aspects of an engineering career <e u economic, 
political, ethical, and or social issues i. 

•0.08 

(1.75 

0.04 

i. 

Knowledge and understanding the language of design in engineering 

•0.08 

0.86 

0.05 

4. 

Knowledae ami understanding the process of dcsiim in engineering 

•0.03 

0.88 

0.00 

5. 

Deviun a process. ci>mpi>ncnt of a system or a pit duct. 

029 

0.57 

•0.08 

6. 

Solve on open-ended problem tthat u, ooc lor which no single right answer 
exists |. 

0.70 

0.03 

-0 04 

/. 

Apply an abstract concept or idea ti> a real problem w situation. 

0.66 

0.10 

•0 01 


Clearly describe a problem orally. 

0.8.1 

•0.13 

-0 06 

9. 

Clearly describe a problem tn writing. 

0.85 

•0.19 

0.03 

10 . 

Identity the tasks needed ti> solve an open-ended problem. 

0.77 

0.00 

0.04 

11 

V isualtsc what the product of a design project might look like 

0.46 

0.36 

-0 07 

li. 

Weigh the pros and eons of possible solutions to a problem. 

0.68 

0.15 

*007 

IJ 

f igure ou! what changes arc needed in prototypes so that the final engineering 

project meets design specifications 

0.45 

0.35 

-0 04 

14. 

Develop ways la resolve conllrd and reach agreement tn a group 

0.69 

•0.03 

0.05 

1 3 - 

Mole sure that all group members have the opportunity to contribute to gmup 

activities and outcome*. 

0.68 

0.01 

0.09 

16. 

Organa? information relevant to a problem solving activity (e.g. writing 

reports, sharing research with other gmup members, etc l *o that it is costly 
undeistandahlc ui others 

0.75 

•0.04 

0.09 

U. 

Change in your confidence that majoring in engineering was the right choice 

fur ytiu. 

0.04 

0.01 

0.86 

IK 

Change m your motivation to become nn engineer 

0.05 

•003 

0.89 

19 

Chance in tlie likclihiusd vou will continue in an cnginccrinu program. 

•0.03 

0.01 

O.'II 

20. 

Change in your motivation to complete an engineering degree at Penn State 

•0.02 

0.08 

0.82 


Eigenvalue! 

8.03 

2.60 

1.54 


% uf Variance 

40.14 

13.00 

7.70 


Ciunboch’* Alpha 

0.91 

0.81 

0.91 


Naii: Ij.Iix loading! over .4(1 appear in hold. I aeti* I - Engineering learning Skill*, tacior J Engineering licncral kiKiulcilgc. 


I .mu.' - Cunimlmienl 10 Engineering Result* 


Before conducting tire research question analyses, we analyzed tire responses to ensure that coirducting a 
single analysis for all three semesters of data (Spring 2007. Fall 2007 and Spring 2008) was a valid approach and 
that there were no differences between students from these three semesters in the outcome variables. To test for 
differences w e ran a MANOVA on students’ engineering learning outcomes. The multivariate effect of semester 
w as not significant. A .97. p > .05. thus prov iding support foi out combining the three semesters of data for 
analysis. 

Research Question I: Which student entry characteristics (e.g. high school GPA) significantly predict their 
engineering learning outcomes’ 

Out fust research question is designed to investigate the influence of students’ entry characteristics (e.g.. 
high school GPA. SAT. parents' education level, gendei. ethnicity, year in school, and highest degiee expect) on the 
engineering learning outcome variables. A significant association between student entry characteristics and a 
particular engineering learning outcome indicates that the entry characteristics vunahlefs) can be used as a control 
variable in the latei analyses (Piitchard & Wilson, 2003). 

We ran multiple regressions to examine the influence of student entry characteristics on the engineering 
learning outcomes variables: engineering learning skills, general engineering knowledge, and commitment to 
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engineering. Our results indicated that the combined influence of all student entry characteristic variables explained 
a significant portiuii of variance on one outcome variable general cngtitccimg knowledge, f'(8. 241) - 22*3. 
/>- 026, K : - .07 As shown in Table 6. students' SAT scores significantly piedicted engineering general knowledge. 
ft - 0.16. ft241 1 - 2.21. p -.028. Thcte was no overall model significance for the combined influence of all student 
entry variables on either engineering learning skills. ^'<8. 235)-1.01, p 428. or commitment to engineering f|8. 
238) - 58. p -.798 Because students’ SAT scores had a significant association with their general engineering 
knowledge, the regression analyses for the remaining research questions using general cngineenng knowledge 
included SAT scores as a control variable. 


Tahir 6. Summary of Regression Analyses for Sludcnl Entry Cluracicnslici 
_ Predicting the Three Engineering Students* Learning Outcome* _ 


_ Variable __B_ SEP _£_ / />•>« liic 

Eniintirini; l.rarnint; Skills /|8. 233)-l.0l.p -.428, lf : - .ti.t 


IISGPA 

SAT 

Mam Ed 

Father Ed 

Gender 

Ethnicity 

Yean In School 

Mishit Damn? Eapcvlcd 

0.04 

CI.00 

CI.04 

[1.02 

C1.I0 

0.12 

[1.07 

[1.04 

0.09 

0.00 

0.04 

0.04 

0 12 
0 12 

0.07 

0.05 

• 

• 

• 

• 

0.03 

0.12 

0.08 

0.05 

0.05 

0.06 

0.06 

0.06 

.0 46 

1.58 

1.04 

•0.62 

•0.79 

•0.93 

0.96 

0.93 

647 

.115 

289 

.538 

.431 

•355 

339 

354 

General Enutnecrins Katmlcdce /<8. 2411 - 223,/r-.026. /T - .07 

IISGPA 

[.14 


0.10 

0.10 

• 1.45 

.149 

SAT 

11.00 


0.00 

0.16 

2.21 

.028 

Mum Ed 


[1.02 


0.05 

0.04 

0.53 

.595 

Father Ed 


CI.01 


0 04 

0.02 

032 

.753 

Gender 

• 

024 


Q 14 

0.11 

.1 69 

(192 

Ethnicity 


Cl. 25 


0.15 

0.11 

1.72 

.0X7 

Yean in School 


[1.14 


0.09 

0.11 

1.69 

.092 

Ifishcjt Damn? Expected 


[1.06 


0.05 

0.08 

1.22 

225 

Commitment to Enginccrfe* F\K 2311) -.58 .p -.798, /T - .02 

IISGPA 


Cl. 19 


0.13 

0.11 

1.43 

.155 

SAT 


[ 1.00 


0.00 

0.03 

•0.43 

.666 

Mam Ed 

• 

[1.03 


0.06 

0.03 

•043 

-6~0 

Father Ed 

• 

0.05 


0.06 

0.06 

•071 

.435 

Gender 


CIOS 


0.19 

0.02 

026 

.799 

Ethnicity 

• 

0.03 


0.19 

0.01 

•0 16 

.877 

Yean in School 


CI.04 


0.12 

0.03 

0.39 

.701 

Ifishctt Dcgirc ELipctfcd 


0.10 


0.07 

0.09 

1.35 

.177 

Niitr: • p <.05 (lender tented male -1 am! female -0. Ethmcrty anted t ainnuan 

- 1 and i 

K.n l oucoMaii- 0 . 




II unoandanlued euvfficicnls: SF B: Smmiinl Into*; ft Sunihudiud coefficient! 


Komi cli (Juestioas 2 and 3: Controlling for students’ entry characteristics, which academic integration variables, 
and social integration variables significantly predict engineering learning outcomes? 


To unswei research questions two and three, w e run multiple iegressions to assess the effects of academic 
integration and social integration variables on the tluce engineering students’ learning outcomes: engineering 
learning skills, general engineering knowledge and commitment to engineering. The results for each engineering 
learning outcome are summarised below. 

Engineering Learning Si.UU 


Out results showed that the combined influence of academic integration variables were not significantly 
associated with cngineenng learning skills. f\ 2, 364) ° .38. p .681, however, the combined influence of racial 
integration variables did have a significant relationship w ith engineering learning skills. f’(2, 416) 5 62./> 004. 

/f* - .03. Specifically, student-instixietor relations I// -.16./> - .002) - one of the components of social integration 
significantly predicted engineering learning skills (see Table 7). 
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Table 7. Regression Analyse* far Social Integration Variables Predicting Lnuintcnng Learning SLilli 


\ ariablc 

B 

SE B 

A 

I 

/>• >a!uc 

Student• Peer Relations 

(1.00 

002 

.000 

•0 02 

-9S7 

Student* Instructor Relation* 

0.09 

0.03 

0 16*“ 

3.05 

.002 


Nulr: ••/K.OI, II: unslanihnlBal coefficient*: SE II: Standard Linus: ft. Slaraltnlircd racHWimt* 


General Engineering Knowledge 

In research question one, vve found students' SAT scoies to be a significant predictor of general 
engineering knowledge. Thus we Included SAT scores in the regression when analyzing the effects of academic and 
social integration on general cnginceiing knowledge. The overall model with SAT and the academic integration 
variables approached significance in its relationship with general engineering knowledge, F\ 330) 3 59.;- - U53. 
How ever, of the SAT and academic integration variables only SAT scoies I// - . 15. /» - .007) significantly predicted 
the outcome variable general engineering knowledge. 

We did find, however, that the combined influence of SAT and social integration variables weie 
significantly telaled to general engineering knowledge. Ft 3. 319) - 6.93. p < .001, /f*' - .06. Specifically. SAT l/l 
-.14, p - .013) show ed significantly predicted general engineering knowledge, also both student-peer ifi - .12. p - 
.058) and student-instructor (/( - 12. p - 05X1 were significant at the p < .10 level as predictors of general 
engineering knowledge (See Table 8). 


Table 8. Regression Analyses for Social Integration Variables Predicting General Engineering Knowledge 


V ariablc 

B 

SE B 

A 

t 

p-value 

SAT 

0 00 

000 

0 15* 

0.14 

013 

Student Peer Relations 

006 

0.03 

0 12* 

0.12 

058 

Student Instructor Relations 
t ..a.. ■ .—. . — TTk - :—T77TT 

0.07 

TTT— i ... i—77T~T—"— 7Z 

0.04 

4 . .. V .. ..... 

O.I2 4 

n —. ... .. .- 

0.12 

.058 


U unvundaidized cnctlicicnls: SE B: Standard Imn; ft: Standardized coefficiea 


Commitment to Engineering 

Out results showed that the combined influence of academic integration variables (FI 2. 367) - 7.XI, // < 
UUI. R' - (14) and QPA had a significant effect on commitment to engineering. As shown in Table 9. GPA I// - .17. 
p -.002) significantly predicted students commitment to engineering. Next, we tested the effect of the social 
integration variables on this learning outcome and found tlut the combined influence of social integration also had a 
significant effect on commitment to engineering, F( 2 . 418) - 17 09. p <. 001 . R ! - .08. Specifically, both student- 
peer 12, p - .019) and .student-instructor relations \fl - .20. p < .001) significantly ptcdicted students' 
commitment to engineering (See Table 10). 


_ Table 9. Rc^fw^sion Analyse* tor Academic Integration Variable* Prrdurtin^ Commitment In Lnuinecntn: _ 

Variable B SE B |l t p • value 

Cumulative GPA 1127 O.tW 0.I7" 3.13 .002 

Minus Spend Studying _005_004_007_L3I_ .192 

Sale: ••/K OI, B: unuambniuedcoefficient*; SE B: Standard Error*;/t Sundantufd cneflki(Bta 


_ Tahir 10 . Rcgiwton Analyses ft>r Social Integration Variables Predicting Cwnmitincni to Engineering _ 

_ Variable _B_ SE B _£_ f _ />-»aluc 

Student- Peer Relation* DOM 0.04 0.12* 2.36 .019 

Student- Instructor Rdalium _0J7_ 0M _ 0.20* ** _ 342 _ <OQ 

Notr: ><.05. ••• /K.OOI. B: uiHtaiuiinluedcoefficients; SEB: Standard Errors ;/): Standardizedcoefficient* 
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DISCUSSION 

Two-year institutions provide an important entry point for a population of students who ate working 
towards an engineering bachelor's degree. Out study is aimed at understanding the impact of academic and social 
integration factors on student success as measured by key engineering learning outcomes. We begin by summarizing 
the significant results we found and then diseus» them in teims of Tinto’s framcwoik as well as undeigraduate 
engineering education. 

Kcsults Krlatcd to Prior Literature 

Figure 2 below shows the relationships we found between student entry characteristics, academic and meal 
integration and engineering learning outcomes variables Solid lines indicate a statistically significant relationship: 
dashed lutes indicate a iclationship approaching significance. Among students' entry characteristics, only students' 
SAT seotes were a significant predictor of one cnginccnng outcome variable general engincenng knowledge 
(ROU. As Figure 2 shows, we included SAT seoies in the academic and social integration tcgiession models fur the 
general engineering knowledge. 


Figure 2. Empirically Examining Tinto's Model for Engineering Students' Learning at Two-Year Institutions 



Significant pi 1)5 level -► Significant at .10 level -► 

Significant -► Approaching Significance -► 

Out findings for the two types of integration were as follows. Eoi academic integration only cumulative 
GPA was a significant predictor of the commitment to cnginccnng outcome variable For sucial integration, w e 
found more significant relationships. Student to student relallnuvblps were a significant predictor of commitment 
to engineering (solid line in Figure 21 and significant at the 10 level of geuerul eii^iueering knowledge (dashed 
line in Ftgute 2). Similarly, •tudenl-to-instructor relationships were a significant predictor of engineering learning 
skills and commitment to engineering, they weie also a significant predictor at the 10 level of general engineering 
knowledge 

Out finding that the academic integration variable. GPA. significantly picdicts commitment to engineering 
is consistent with poor work from Pascatella. Smart and Ethington's (I9K6I study of baccalaureate degree 
attainment by students who began their degrees at community colleges. They concluded that academic integration as 
measured by average undeigraduate grades was an important component in "long-term postsecondary educational 
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peraistonce" <p. 66) (Townsend & Wilson. 2008). Conversely, a lack of academic success has also been found in be 
a significant factor in influencing students' decisions to leave engineering (Maira. Budgets. Slum. and Bogue. 2012). 
Out results concerning the relative importance of social integration are also supported by prior studies. We found 
more predictive relationships from the social integration variables than for academic integration variables, three 
significant relationships for social integration v ariables as conpaicd to only one for academic integration variables. 
Similarly, in their extensive treatment of Tinto's interactionist theory. Biaxton et al. (2004) summarize the empirical 
evidence for the academic and social integration components of tiro theory stating the predominance of evidence for 
I he theory lies in the wen of social integration. Specifically. Biaxton. Sullivan and Johnson (1997) reviewed 
empirical studies to assess the strength of support for the ptopositions from Tinto's onginal theory and found that 
across multiple studies the greater the level of social integration, the stronger the students' commitment to the 
institution which in turn lead to greater persistence in college, they did not find this some consistency across studies 
fot academic integration. 

One can also consider tire results of the current study as grouped by the tluee engineering learning 
outcomes variables. As Figure 2 shows: 

• Engineering learning skills were ptedicted only by student to instructor relationships 

• General engineering knowledge was significantly related to students' entering SAT score and when it was 
factored in. there were significant relationships at the p < .10 between student-to-insttucior and student-to- 
studetn relationships and general engineering know ledge. 

• Commitment to engineering had the most significant relationships. GPA (an academic integration 
variable), and both social integration variables student-to-student relationships and student-to-insttuctor 
relationships all significantly predicted commitment to engineering. 

Using Tinto's interactionist model as a framework, vve found more predictive relationships for two-year 
students' commitment to completing an engineering degree as compared to other outcomes variables that measured 
specific engineering skills. Amongst the three, this outcome variable is the one most concerned with students’ 
/relief- Survey items dial comprised this factor addressed respondents' motivation and confidence in completing 
their engineering degrees, and are in contrast to the other tw o engineering outcomes variables that dealt with the 
actual skills uf doing engineering (e.g. doing engineering design or being competent with the communication skills 
involved in engineering). 

Student beliefs have been found to be important in prior work in engineering education. Both work in self- 
efficacy theory and studies related to engineering student retention have shown the importance of student beliefs. 
Self-efficacy is tooted in social psychological theory and refers to individuals' beliefs in their capabilities to plan 
and take tlie actions required to achieve a paiticular outcome (Bandura. 1986). Self-efficacy beliefs have been found 
to strongly and positively related to GPA (Vogt, Hocevar and Hagedom. 2007) and persistence (Mau. 2003). In a 
multi-institutional, longitudinal study of women engineering students' self-efficacy, researchers (Marta. Kodgeis. 
Sheu and Bogue. 2009) found significant decreases in feelings of inclusion or feelings of belonging in engineering 
which is an iinpnrtant contributor to self-efficacy and in turn to persistence in engineering. 

Student beliefs have also been shown to relate to actual student behavior regarding completing an 
engineering degree. Maria. « al. (2012) found that the non-academic factor a feeling of lack of belonging in 
engineering contributed more to students' decision to leave engineering than eitlier of the two academic factors 
studied curriculum difficulty and pout teaching and advising. These pnoi studies have shown the importance of 
student beliefs in lentts of significant cuginceiing outcomes. Our current study , in turn, provides educators with data 
that suggest* addressing aspects of academic and social integration may positively impact one aspect of student 
beliefs — their commitment to completing an engineering degree which in turn can impact actual degree 
completion l Braxton, et al.. I997|. These implications and others generated from tins study ate discussed next. 

Implications 

This study lias important implications for two-year institutions tliat serve students studying engineering. 
The most ptonounced results from this study concern the relationship and potential impact of social integration 
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factors on engineering outcomes. The importance of botli student-to-student and student-to-faculty interactions is 
clear. We find this result uf particular note given the nature of the institutions we studied as w e explain next. 

Although there is necessarily some variability in the nineteen locations in the studied system, they do shaie 
attributes that ate pertinent when considering social integration. Most students at these campuses am not residential: 
they commute to tlie campus. Their lives are very much defined by forces external to campus life | Webb. WO). For 
instance, many students hold jobs oil* campus; these smaller campuses necessarily have fewer student employment 
opportunities and because many students attend a campus in a community in which they have lived for several years, 
they may stay with off-campus jobs they had prior to beginning their studies. Thus, time on campus is somewhat 
limited, and as Braxton, ct al. (20041 said, "students' time on campus focuses primarily on classes, often a! the 
exclusion of other campus involvement’' (p. 45). 

The implication of this study's results paired with what we know about the nature of two-year campuses is 
dial faculty, administrators and students must find ways to maximize opportunities for student-to-student and 
student-to-faculty interactions. Clearly this implies the need lo take advantage of face-to-face classroom tune, as 
well as oilier standard interaction opportunities such as office hours, tutoring and review sessions. Possible 
mechanisms for maximizing positive social integration through interactions are as follows. 

• Design student-centered learning aeri vines such as peer instruction (Crouch & Mazur. 2001) where 
students actively engage in small groups to discuss and correct their misunderstandings of common 
engineering and physics concepts. 

• Leverage social media by having faculty ami students use tools (e.g. Twitter) to stay connected when un or 
off campus. 

• Create meaningful online oppoitunilies for student-to-student and faculty-to-siudent interactions to take 
place. This is particularly important given the commuter nature of rhese institutions. Online discussion 
I'm urns (synchronous and non) can help students feel connected to other students and faculty even when 
they are off-campus taking care of work and family obligations (Spatanu. Quinn. & Hartley,2007). 

• Create policies that allow for balanced faculty workloads to provide sufficient time to have meaningful 
student interactions outside the classroom (e.g office hours, review sessions, or collaborative faeulty-to- 
student research projects,) 

The engineering students and faculty lhai this study addresses may exemplify these characteristics mure so 
than perhaps other discipline areas al these campuses, because of the intensive nature of the engineering curriculum 
Although most classes regardless of discipline lend to have smaller class sizes and a lower srudent to faculty ratio, 
the nature of the engineering courses may be particularly beneficial for social integration. 

For instance, the common curriculum for rhese engineering students is highly project- focused and students 
are explicitly taught to woii. effectively in teams (Devon. Sathianatlian. Saintive. Nowe & Lessene, 1098). Faculty 
also expend significant effort in creating projects for these students that are can be accomplished effectively as a 
team (e g exemplify the conditions of a successful cooperative learning project - see Smith & McGregor. 1992). 
and cieating projects that are motivating for students. For instance, students may engage in a project to design an 
aluminum can ciusher that can be used at a local guis and boys elub to help them learn the value of recycling. Such 
a project not only allows students to work with each other on a real engineering design ami implementation project, 
but also gives them a taste of what it is like to be an engineer who can positively impact some aspect of society 
Projects of this type may be a reason we see a positive relationship between social integration faetois and these 
students' commitment to completing an engineering degree. 

Certainly there may be other opportunities less focused on classes that allow students to interact with one 
another such as clubs associated with students' majors Townsend and Wilson (2008-2009) found tluii such 
opportunities were one of several institutional influences that impacted students' experiences and success in 
community colleges. However, as previously described, the nature of these students is that they would generally not 
be on campus to participate in such activities. 
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CONCLUSIONS 

Two-year institutions we a place where many students begin Iheif studies As ibe "Paths lo Persistence" 
report states, it should not be the mission of such institutions to try to change the type of student that they serve, but 
rather to serve these students more effectively (Bailey & Alfonso, 20051. The cutrent study focuses on a subset of 
these students students beginning their engineering studies at two-year institutions. Due to the ongoing and 
projected shortage of engineers, making the most of this important source of engineering students is increasingly 
important. 

The first two years of the engineering curriculum at the system of institutions we studied is consistent 
across locations so we chose to use Tintn's interactionist academic and social integration model to examine their 
relationships with engineering learning outcomes. Our driving premise is that in order for students who begin 
engineering studies at a two-year college to succeed and for them to be retained when they continue at the four- year 
degiee granting institution, they need to be prepared in terms of the engineering skills dial are icpresented by tlicse 
engineering outcomes. 

Results show that telationships exist with all tluee of the engineering outcomes we studied and in particular 
with the "commitment to cngincei mg" outcome. Further, social integration variables measured by studciit-to-student 
and studeni-iu faculty interactions were the most promising for positively predicting engineering outcomes. This is 
in alignment with prior research on Tinto's model that shows there is more empirical support for the social 
integration aspect of the model dun the academic integration. Futihei strength for tlrese results originates from prior 
rcscaich that has shown dial by positively influencing commitment to the institution, students are more likely in 
actually complete their four-year degree (Biaxton et al. 1997). Implications for faculty and adniinistratnrs at two- 
year institutions are that they need to make the most of the student-to-student ami student-to-faeulty opportunities 
for interactions using not only traditional metltoih (e.g. office hours and in class activities dut allow foi meaningful 
iiiteiactiuns) but also taking advantage of online, mobile and social networking tools that can promote and facilitate 
student and faculty interactions. Although we recognize the need lor further studies most likely qualitative in 
■utute that better address how these interactions can oecut. this study tepresenis an initial step in understanding 
how two-year institutions can positively impact engineering students' studies. 
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